This double-blind randomised study compared postoperative analgesia after a loading regimen of methadone or morphine in thirty women undergoing abdominal hysterectomy. Methadone or morphine, 0.25 mg.kg-I , was given intravenously at induction of anaesthesia with further increments in the recovery room for analgesia if required. The mean (SD) total doses of methadone and morphine required were 0.43 (0.13) mg.kg-I and 0.45 (0.15) mg.kg-I respectively. Patients in the methadone group had lower pain scores in the subsequent 48 hours (P < 0.001) and required less supplementary intramuscular opioids (P< 0.001).
Many treatment methods are available for the control of postoperative pain, but none can fulfill all the criteria of being simple, safe and effective. Conventional regimens of on-demand intramuscular (IM) morphine or pethidine resulted in failure rates up to 87%.1 This can be attributed partly to the pharmacokinetic profiles of these drugs. They are rapidly metabolised by the liver with elimination half-lives (T II2B) of two to four hours. 2 After intermittent IM injections, the resulting plasma concentrations can fluctuate widely to produce effects ranging from inadequate analgesia to toxicity. Continuous intravenous infusion of opioids and patient-controlled analgesia are more effective partly because they maintain steadier plasma concentrations of these drugs. 3 ,4 Methadone is an opioid agonist with different pharmacokinetic properties. It has a large volume of distribution at steady state (237 litres), a low hepatic clearance (102 ml.min -1) and a long T V2B (13-51 h).5 A plasma concentration producmg effective analgesia will be maintained for a long duration after an adequate loading dose. Methadone has been used for the treatment of acute postoperative pain by one group of workers,6.8 but this application has not gained widespread acceptance. 9 This double-blind randomised trial examined the effects of perioperative methadone and morphine on postoperative pain control and related complications.
METHODS
The study was approved by the Research Ethics Committee of the Faculty of Medicine of the Chinese University of Hong Kong and patients gave informed consent. Patients were selected if they were scheduled for elective abdominal hysterectomies, aged below 60, ASA classes I or 11, had not received any opioids for 24 hours before surgery and did not have a history of psychiatric illness or drug abuse. They were visited preoperatively and instructed to express pain severity with a verbal numeric scale 10 in which they assigned a number from 0 to 10, with 0 representing 'no pain' and 10 being 'worst pain imaginable'. They were asked to communicate freely to the nursing staff in the postoperative period for opioid analgesics if required. No premedication was given.
The patients were randomised into two groups receiving either morphine or methadone at induction of general anaesthesia and in the recovery room after surgery. The drugs were prepared in precoded 20 ml syringes containing 30 mg of the drug in water for injection (1.5 mg.ml-1 ) and were administered in a double-blind manner.
At induction of anaesthesia, the study drug, 0.25 mg.kg -I, was given intravenously (IV), followed 20 seconds later by thiopentone 4.5 mg.kg-1 and vecuronium 0.12 mg.kg -I. Any adverse reactions were noted. Arterial pressures and heart rates were recorded every minute for the first ten minutes with an automated device (Dinamap 1846, Critikon). The lungs were ventilated with 70% nitrous oxide (N 2 0) in oxygen (0 2 ) for two minutes before tracheal intubation. Anaesthesia was maintained with 70% N 2 0 and 0.5-2% isoflurane in O 2 , The concentration of isoflurane was titrated against haemodynamic changes. No further opioid drugs were given. After surgery, isoflurane and N 2 0 were discontinued and residual neuromuscular block was antagonised with neostigmine and atropine. The time until eye-opening was noted and the patient was considered to have delayed awakening if this exceeded ten minutes.
Further 3 to 4.5 mg increments of the study drug were given IV every fifteen minutes in the recovery room until the patients became free from pain for more than half an hour. Arterial O 2 saturation by pulse oximetry (Sp02) was monitored continuously and arterial pressures, pulse rate and respiratory rate were recorded at five minute intervals. Conscious level was assessed with a conscious level score with "1" being awake and alert, "2" being awake but drowsy, "3" being asleep and easily rousable, "4" being asleep and difficult to arouse and "5" being unrousable. This score was recorded at fifteen-minute intervals. A pain score was obtained before the patients were discharged back to the ward.
The patients were studied for the subsequent 48 hours. The ward staff were given a protocol that contained the method for assessing pain scores and emergency measures in the event of severe respiratory depression (respiratory rate less than twelve breaths per minute) or severe depression in conscious state (conscious level score greater than 3). The patients were seen at least twice daily by an investigator.
Patients were prescribed morphine 7.5 mg IM two-hourly on demand and metoclopramide 10 mg IM six-hourly on demand. The ward staff were instructed to administer these drugs promptly when demanded and no other opioids or central nervous system depressants were to be given during Anaesthesia the initial 24 hours after surgery. Respiratory rate was recorded hourly until 8 am on the first postoperative day. Pain scores and conscious level scores were assessed every 4 hours. The individual pain and conscious level scores at each 4 hours interval were summed over the 48 hour period to give a total score in each patient for pain and sedation. Nausea, vomiting and other complications were recorded. The patients were interviewed on the fourth or fifth day after surgery by an investigator. They were asked to give scores for the worst pain and the overall pain they experienced in the postoperative period.
Demographic data and opioid dosages were compared between groups using Student's t test. Haemodynamic variables and respiratory rate were compared using repeated measures analysis of variance. The total, worst and overall pain scores, total sedation score and number of injections of metoclopramide and IM morphine were compared using the Mann Whitney test. To give an indication of the time trend for analgesia in the 48 hour postoperative period, the pain scores at each fourhour interval were compared between groups using the Mann Whitney test without Bonferroni correction. The incidence of complications was compared between groups using Fisher's Exact test.
P values < 0.05 were considered significant.
RESULTS
There were fifteen Chinese patients with similar age and body weight in each group (Table 1) . The duration of surgery in the methadone group (range, 60 to 145 minutes) was similar to that in the morphine group (45 to 175 minutes).
The dosages of morphine and methadone required in the perioperative period for adequate analgesia were similar ( Table 1 ). The inter-patient variation in dosage requirement was identical for both drugs with a coefficient of variation of approximately 30%. After returning to the ward, patients in the methadone group requested fewer doses of supplementary opioids than those in the morphine group (P< 0.001, Figure 1 ). Ten out of fifteen patients (67%) in the methadone group did not require any further parenteral opioids while all patients in the morphine group required at least two further doses of morphine. Pain scores were similar in both groups at the time of discharge from the recovery room ( Figure  2 ). Pain scores in the methadone group declined subsequently and the scores remained low for the 48 hour study period. The morphine group of patients had a higher total pain score for the 48 hour study period (P< 0.001) despite having received more supplementary doses of morphine. Further analysis showed that the difference in pain scores between groups was significant at all time points from 4 hours to 48 hours except at 12 hours and the difference was greatest at 20 hours. In the follow-up interview, patients in the methadone group gave lower scores for both the worst pain and the overall pain that they experienced in the postoperative period (P < 0.001, Figure 3 ).
Complications are listed in Table 2 . Coughing occurred in ten patients after methadone (67%). Urticaria and rash along IV injection sites were observed in six patients (40%) in the morphine group only. The decrease in arterial pressures after induction of anaesthesia was approximately 20% in both groups. The hypertensive responses to tracheal intubation were also similar. However, after tracheal intubation, patients in the morphine group showed a greater percentage increase in heart rate from baseline values, mean (SO), 29 (23)%, compared with the methadone group, 11 (24)%, (P < 0.05). Delay in awakening after anaesthesia was not observed in either group. Episodic arterial desaturation with Sp02 to 80-90% was observed in the recovery room in two patients from each group. This was self-limiting and readily corrected by rousing the patients and encouraging them to breathe deeply. Nausea and vomiting were more common among patients in the methadone group in the recovery room but not subsequently in the ward. However, they received more doses of metoclopramide overall in the postoperative period, median (range), 1 (0-4), than patients in the morphine group, 0 (0-3), (P< 0.05). No patient developed significant respiratory depression (respiratory rate less than twelve breaths per minute) or severe depression in conscious state (conscious level score greater than 3) in the postoperative period. Two patients in the methadone group complained of pruritus, one in the recovery room and the other shortly after returning to the ward. The pruritus was of mild to moderate severity and confined mainly to the face, neck, upper chest and upper arms with no associated skin rash. No treatment was required and the symptoms lasted for eight to twelve hours. DISCUSSION This study compared the effects of perioperative methadone and morphine in a homogeneous group of patients following a standardised surgical procedure. The results have shown that after adequate loading doses in the perioperative period, methadone provided prolonged analgesia following major gynaecological surgery. The use of methadone for treatment of acute pain has not gained widespread acceptance despite initial favourable reports by one group of workers 6 -8 and references to its use in monographs and reviews. JI-I3 It is commonly stated, even in a standard textbook of pharmacology,I4 that the duration of analgesia with methadone is similar to that of morphine. I5 ,I6
Initial doses of 0.25 mg.kg -I of methadone or morphine were given to provide plasma Anaesthesia and Intensive Care, Vol. 20, No. I, February, 1992 concentrations just above mInImUm effective analgesic concentrations after redistribution based on published data. 8 Subsequent administrations of the drugs were titrated against patient response to achieve adequate analgesia in all the patients. Patients given methadone in the perioperative period required fewer doses of supplementary opioid drugs in the postoperative period with twothirds of the patients requiring none. The quality of postoperative pain control was also superior. This group of patients remembered their postoperative course as less painful despite the fact that patients in the morphine group received more supplementary doses of opioids. This reflected the inadequacy and limitations of the on-demand regimen. Patients in the morphine group showed a rise in pain scores to a peak at 20 hours following discharge from the recovery room. This time corresponded to the early hours of the morning when logistic difficulties of the on-demand regimen would be understandable. These patients did not receive enough supplementary doses of opioid to maintain effective analgesia.
One patient in the methadone group required four supplementary doses of morphine in the ward despite having received a total of 25.5 mg of methadone (or 0.52 mg.kg -I). This apparent failure of analgesia may have represented normal variation in the T 1I2B of the drug that has been shown to be WIdely variable (9-87 h).6
However, this could also be a result of inadequate loading, presumably because the patient had difficulties in expressing her analgesic needs in the recovery room. For the regimen of perioperativ_e methadone to be successful, adequate loading is imperative, otherwise the duration of analgesia will be reduced by redistribution of the drug. It is essential to titrate the drug until the patient has become free from pain for at least half an hour. This interval corresponds to four times the distribution half-life of methadone, mean 6.1 (SO 5.7) minutes. 6 The lack of success with methadone in paediatric patients I ? may be related to the difficulties in obtaining a definite analgesic end-point in patients of this age group.
Cough occurred in 67% of patients following an IV dose of methadone 0.25 mg.kg -I. Cough was observed in 28% of patients after fentanyl 1.5 Ilg.kg -I administered through a peripheral venous line. I8 The mechanism by which methadone and fentanyl provoke coughing is uncertain. Urticaria along the intravenous injection site was observed in 40% of the patients following morphine but not after methadone. This suggests that methadone is less likely to cause histamine release. The incidence of nausea and vomiting in the recovery room was higher following methadone. This was caused probably by a more sustained plasma concentration of methadone given its low clearance compared with morphine. An earlier report showed that the incidence of nausea and vomiting was similar following methadone and morphine. 6 The characteristics of the pruritus after methadone were identical with that following spinal opioids. 19 This pruritus is likely to be mediated via spinal opioid receptors 19 ,20 and is rarely seen following systemic opioids. 14 Systemically administered methadone may have significant actions on spinal opioid receptors, the effects of which differ from those mediated via central opioid receptors in efficacy, tolerance and side-effects. 21 Significant respiratory depression was not seen after methadone in this study. This was partly because the patients were relatively young, healthy patients and the postoperative course was free from severe haemodynamic instability. The patients were closely monitored in the recovery room during which they received loading doses of the opioid drugs and the risks of opioid toxicity were highest. Respiratory monitors such as pulse oximeters were not used in the ward. These monitors frequently produce unreliable readings from signal artefacts in the awake moving patient. They are poorly accepted by patients and ward staff. 22 The combined monitoring of respiratory rates and conscious level is adequate for detecting significant respiratory depression. 23 , 24 In conclusion, this study has demonstrated that adequate loading with methadone in the perioperative period provided more effective and prolonged analgesia than morphine following major gynaecological surgery. Serious side-effects were not encountered. The intravenous administration of methadone was simple, requiring no special techniques or equipment. The drug, however, must be given in sufficient doses to achieve adequate loading, and time must be allowed to ensure complete redistribution of the drug. Individual titration of analgesic response is essential as there is large inter-patient variation in dosage requirement. In selected groups of patients, methadone provides postoperative analgesia that is simple, safe and effective.
